suddenly of coronary artery disease (CAD). Ventricular premature beats have been well documented to be statistically associated with sudden death both in general population survey^'^ and in patients after infarcti~n.~.' Intraventricular conduction d e f e~t s ,~ ischemic ST segments5 and relative bradycardiae have been associated with sudden death as well. In addition, Kuller et a17 have observed that patients with pre-existing and symptomatic coronary artery disease represent the major portion of those dying suddenly. Gordon and Kannel,8 however, reported that in 50 percent of patients dying suddenly of coronary artery disease, there was no history of cardiac symptoms. Freisinger9 in observing patients with symptomatic coronary artery disease studied by coronary angiography noted that the mortality increased with the extent of the coronary arterial lesions. More recently, Bruschke et all0," reported that both the extent of coronary arterial lesions and ventriculographic abnormalities are directly related to increasing mortality of coronary artery disease. In order to provide a link between the coronary and ventricular angiographic findings, and the occurrence and frequency of ventricular premature beats, these arrhythmias were studied in a group of patients referred to this laboratory for the study of angina.
udden death still remains the major cause of death due to coronary artery disease. A number of investigations have indicated that there are certain electrocardiographic predictors in patients dying suddenly of coronary artery disease (CAD). Ventricular premature beats have been well documented to be statistically associated with sudden death both in general population survey^'^ and in patients after infarcti~n.~.' Intraventricular conduction d e f e~t s ,~ ischemic ST segments5 and relative bradycardiae have been associated with sudden death as well. In addition, Kuller et a17 have observed that patients with pre-existing and symptomatic coronary artery disease represent the major portion of those dying suddenly. Gordon and Kannel,8 however, reported that in 50 percent of patients dying suddenly of coronary artery disease, there was no history of cardiac symptoms. Freisinger9 in observing patients with symptomatic coronary artery disease studied by coronary angiography noted that the mortality increased with the extent of the coronary arterial lesions. More recently, Bruschke et all0," reported that both the extent of coronary arterial lesions and ventriculographic abnormalities are directly related to increasing mortality of coronary artery disease. In order to provide a link between the coronary and ventricular angiographic findings, and the occurrence and frequency of ventricular premature beats, these arrhythmias were studied in a group of patients referred to this laboratory for the study of angina.
Sixty-four patients admitted to the cardiology unit of the Rochester General Hospital for the investigation of chest pain resembling angina pectoris were studied. There were 52 men and 12 women, ranging in age from 36 to 64 years, with a mean of 50.3 years. Right and left heart catheterization, selective coronary and left ventricular angiography were accomplished in all the patients. The left ventricular angiograms were taken on 16-rnm cine film at 60 frames/second, in two oblique projections. Localized abnormalities of ventricular contractions were carefully noted using the criteria of Herman et al. 12 Selective coronary angiograms were obtained by the Sones technique and reviewed independently by at least two observers, and a composite score and assessment developed. The severity of the coronary artery disease was graded according to the criteria of Freisinger et al,g in which lesions in each of the three major coronary arteries were scored from 05, depending on the anatomic narrowing seen. During cardiac catheterization, 34 patients with coronary artery disease were stressed with an isoproterenol infusion (13 pg/min) to assess their myocardial lactate extraction. The percentage of lactate extraction or production was calculated by the method of Krasnow et al. 13 A negative percentage extraction was considered abnormal.
Longterm portable electrocardiographic tape recordings using the Holter recording device were obtained in all the patients at least 24 hours before or 48 hours after the cardiac catheterization when patients were free of arm pain from the procedure. A group of these patients was monitored before and after catheterization. and there was no change in ventricular premature beat (VPB) frequency observed as a result of either anticipation of the procedure or as a result of the procedure. The mean duration of the tape was 8.2 hours, with a range of 6-11 hours. These recordings were usually obtained during the day between 8 AM and 8 PM, while the subject was ambulatory in the hospital or as outpatient. The patients were encouraged to engage in activity which was as normal as possible for them and record any symptoms they might experience during the recording period. Administration of all cardiac drugs and sedative medications was discontinued three days or more prior to the recording period. Digitalis therapy was discontinued at least a week prior to the recording. All the patients were maintained on a normal diet. A modified VB monitoring lead was used, with the electrodes placed over the fifth rib on the nipple line bilaterally. 'From the Cardiolo Unit, Rochester General Hospital and Department of ~Z c i n e , University of Rochester, School Each tape recording was manually analyzed by the into an Electronics for Medicine photographic recorder and the output (arrhythmograph) printed at 10 mm/sec. The eight-hour electrocardiographic record was analyzed for basic rhythm, average heart rate, the fastest and slowest rate and the frequency of ventricular premature beats. All the ventricular premature beats were identified and analyzed according to their frequency (the number of VPBs per 1,000 normal beats) coupling index and aberrancy index. The coupling index was calculated for the dominant VPB and expressed as the R-R' interval of the coupled VPB divided by QT interval of the normal QRS complex (R-R' of VPB/QT normal). The proximity of VPB to the preceding T wave, a factor that is felt to be related to repetitive beating," was expressed by the coupling index. The aberrancy index was obtained by measuring the QRS duration of the VPB divided by the QRS duration of the normal beat (QRS-VPB/QRSnormal). VPBs of multifocal origin, periods of bigeminal rhythm and the occurrence of a sequence of two or more VPBs were carefully noted.
Nineteen patients had normal coronary and ventricular angGgrams. Two patients had hiatus hernia, but in the other 17 patients exact etiology of chest pain could not be established. None of these patients had the systolic click-murmur syndrome. Fortyfive patients had si@cant coronary artery disease. The left ventricular contraction patterns were normal in 22 of these patients. Abnormal ventricular contraction was observed in 23 patients, manifested by localized hypokinetic, akinetic, or dyskinetic ventricular segments. The distribution of VPBs according to their frequency in the normal patients and those with coronary artery disease with and without left ventricular asynergy is shown in Figure 1 . There was a general trend for the normal patients to have fewer VPBs, although two patients in the normal group had great-than 5 VPBs/1,000. The patients with coronary artery disease and particularly asynergy had a greater frequency qf VPBs but exhibited a wide distribution in the VPB frequency (Fig 2) . The mean VPB frequency was 10.3+5.3/1,000 beats in the CAD-synergy group as compared to 0.9*0.46 in the patients with coronary artery disease with normal left ventricles and 0.7k0.45 in the normal group ( P = < .lo ) . The median VPB frequency was significantly different between the groups (Fig 3) . The median VPB frequency was 2 VPB's/1,000 in the CAD-asynergy group, as compared to the CAD with normal ventricle and the normal group in which the median VPB frequency was less than 0.1/1,000 ( P = <.05). Figure 4 illustrates the percentage of patients in each group who had more than 2 VPBs/ 1,000 beats.
The coupling index and aberrancy index of VPBs in the three groups are shown in Table 1 . There was no significant difference in these indices between the groups, although the patients with coronary artery disease tended to have a shorter coupling and a higher aberrancy index.
Periods of ventricular bigeminy were noted in two patients with coronary artery disease, one of whom had asynergy of the left ventricle. Multifocal VPBs were seen in three patients with CAD and asynergy and one patient in each of the other two groups. Ventricular tachycardia (more than two consecutive VPBs) was noted in two patients with CAD; one with a normal ventricle and the other with irentricular asynergy. These two patients had VPB frequency of 9.9 and 191 1,000 beats, respectively.
In an attempt to ellucidate other factors responsible for an increased frequency of VPBs in coronary artery disease patients, several other parameters were explored (Fig 5) . There was no relationship between left ventricular end-diastolic pressure, coronary score or myocardial lactate extraction with is* proterenol stress, to increased frequency of VPBs.
Patients with asynergy tended to have more extensive coronary artery disease, although there was a considerable overlap of patients (Fig 6) .
Although coronary care units have resulted in a reduction of the in-hospital mortality of coronary artery disease," studies of the phase of acute myocardial infarction before admission to the hospital indicate that approximately two-thirds of the deaths from this disease occur suddenly and before admission.'"" If we are to deal effectively with this problem short of prevention of coronary atherosclerosis, we must either deal more expeditiously with sudden collapse in the community, or be able to defme that part of the population at risk of dying suddenly and develop medical or surgical therapy to prevent sudden death. The patients with pre-existing coronary heart disease are those who are clearly at a higher risk of subsequent myocardial infarction and sudden death. 16 Clinical and epidemiologic surveys suggest that sudden death may be preceded by electrocardiographic abnormalities. Hinkle et all reported that increased frequency of VPBs noted during longterm ambulatory monitoring in middle-aged men predicted a higher incidence of subsequent death and coronary artery disease. Studies by Chiang et a12 in the Tecumseh population indicate that VPB, interventricular conduction defects and A-V conduction defects noted on a routine ECG also were predictive of sudden death. In myocardial infarction survivors certain characteristics of VPBs such as their frequency and consecutiveness may bear on the higher longterm risk for sudden death, independent of other electrocardiographic abn~rmalities.~ The present study was undertaken to establish the relationship between the frequency and character of VPBs and cardiac function as defined hemodynamically, angiographically and biochemically.
The mean frequency of VPBs was 5.6/1,000 beats in all patients with CAD in our study. This is lower than the frequency of 1011,000 beats observed by Hinkle et a1 in those patients dying sudden1y.l There was no observed morbidity in our study during the short followup period. Coupling interval and degree of aberrancy failed to correlate with the degree of coronary artery disease and left ventricular asynergy. A coupling index of less than one was reported in 9 percent and 4.5 percent of patients recovering from infarction studied by Moss,18 Lown and Wolf,s respectively. This was not observed in any of our patients. The patients with repetitive ventricular beats had a greater frequency of VPBs but not a significantly shortened R-R' interval or greater degree of aberrancy. Bliefer et all9 observed that the occurrence of VPBs showing R on T phenomenon in ambulatory patients, per se, was not associated with a greater incidence of paroxysmal ventricular tachycardia. They did, however, note an increased incidence of ventricular tachycardia in patients having a high frequency, multifocality and pairing of VPBs.
Ventricular tachyarrhythmia as a complication of ventricular aneurysms has been noted for some time, and the surgical removal of akinetic and dyskinetic segments has been proposed as a means of treatment when these arrhythmias are refractory to usual medical t~eatrnent.~O.~l In our study there appeared to be a relationship between the presence of ventricular dysfunction and the increased frequency of VPBs. Although ventricular asynergy tended to be associated with a greater extent of coronary artery disease, a high coronary artery score only was not related to the increased frequency of VPBs. Correlation of other hemodynamic and metabolic parameters also failed to help delineate those patients with greater frequency of VPBs.
Thus, from this study, the important characteristics of patients with coronary artery disease that related to increased frequency of VPBs was the presence of regional abnormalities of left ventricular contraction pattern. Although left ventricular enddiastolic volume and compliance may iduence VPB frequency by stretching of the ventricular wall and Purkinje fiber,22d8 it is most likely that in and around the areas of asynergy there is a wide degree of heterogeneity of myocardial depolarization which leads to re-entrant ventricular impulses. Experiments with animals using ventricular mapping indicate that there are major areas of varying degrees of ischemia surrounding the infarcted area.% Whether or not this heterogeneity of the ischemiainfarction process predisposes to concomitant inhomogeneity of depolarization and subsequent reentry phenomenon is not clearly established, although electrophysiologic studies suggest that this is These studies do suggest that a relationship exists between ventricular asynergy and increased VPB frequency which may have etiologic significance in the mechanism of sudden death in patients with coronary artery disease. 
